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New concepts of high-density and ultrafast nonvolatile data storage devices involve the controlled motion of magnetic domain walls (DWs) in nanowires [1] [2] [3] . To realize such a device, reproducible and reliable pinning sites for individual DWs are required. Geometric constrictions are widely used to create local confining potentials that act as pinning sites for individual DWs [4] [5] [6] [7] [8] [9] [10] . As an alternative, the local modification of magnetic properties by ion irradiation is suitable to induce pinning sites [11] . In this case, a variation of the wire geometry on the nanoscale is not required. Implantation of chromium ions into permalloy (Ni 80 Fe 20 ) causes alloying and structural defects which lead to a reduction of the Curie temperature and the saturation magnetization M S as well as to small changes of the magnetocrystalline anisotropy [12] [13] [14] . Field-driven pinning and depinning of a DW at these so-called magnetic soft spots has been directly observed by magnetic transmission soft X-ray microscopy (MTXM) [11] . The strength of the pinning potential can be tuned by the chromium ion fluence applied to induce the soft spots.
Potential storage devices, e.g., the racetrack memory [2] necessitate to move a series of DWs. Neighboring head-to-head and tail-to-tail DWs in a nanowire move in opposite directions under application of uniform magnetic fields and annihilate each other. The manipulation of magnetic configurations by spin-polarized currents via transfer of spin-angular momentum [15] , however, opens the possibility to move these DWs in the same direction.
In the absence of an external magnetic field, the DWs are displaced in the direction of the electron flow [2, 4, 16, 17] .
Here, we study the field-and current-induced depinning of DWs from a square-shaped magnetic soft spot in permalloy nanowires. Micromagnetic simulations, high resolution MTXM, and electrical measurements of the anisotropic magnetoresistance are employed to characterize the pinning potential. Depinning probabilities are determined for different amplitudes of single current pulses driven through the wire. The Gilbert damping parameter is set to α = 0.5 which leads to a smooth propagation of the DW through the wire during the calculations and, in this way, enables to evaluate the Note that, in both cases, the relative contribution of the exchange energy E ex to the total energy is about 14%. A change of the exchange constant in the soft magnetic region is not considered and the decrease of E ex in Fig. 1 is attributed to a change of the structure of the DW, compare insets of Figs. 1(a) and 1(b).
Nanowires with a width of 400 nm are fabricated using electron-beam lithography and the micromagnetic simulations for a vortex wall. Note that for the given wire geometry, the presence of a vortex wall is energetically favorable [9, 20] . In Fig. 1(e) , the DW is depinned at nominally 27.0 mT which is significantly higher than the typical depinning fields from intrinsic pinning sites [11] . To further characterize the pinning potential, electrical measurements with a high repetition rate are performed.
Pinning and depinning of DWs can be electrically detected by a change of the anisotropic magnetoresistance (AMR) [9] . For this purpose, nanowires as shown in Fig. 2 
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• with respect to the x axis, a tail-to-tail DW is prepared in the curvature of the wire. The field is switched off and then applied along the x axis to move the DW toward the soft spot. Figure 3(a) shows measurements of the resistance of the wire for a field swept in positive x direction. At 2.4 mT, the DW enters the region between the contacts and is pinned at the soft spot which can be detected as a drop of the AMR signal of about 160 mΩ.
The DW is depinned at a field of 11 mT where the resistance again increases. To characterize the pinning potential, the DW is moved to the soft spot using a field of 8 mT. Subsequently, the magnetic field is swept in both directions along the x axis starting from zero field. The absolute depinning fields are almost equal to the fields observed for the tail-to-tail DW.
To investigate the current-driven depinning, single 10 ns voltage pulses with a rise time of 2 ns are driven through the wire between the contacts L1 and L2. The AMR is measured (i) after creation of the DW in the curvature, (ii) after moving the DW toward the soft spot, and (iii) after application of the pulse. Figure 4 shows the depinning probability of a tail-to-tail DW for pulses of different amplitudes at magnetic background fields between 8 and 11 mT. Measurements have been repeated 10 times for each set of parameters. Note that events where no DW was pinned at the spot before application of the pulse are not taken into account to calculate the depinning probability. A negative pulse amplitude corresponds to an electron flux in the direction of the DW motion given by the background field. Above a certain threshold value, the DW is depinned by the resulting current pulse. 
